Introduction {#s1}
============

Ovariohysterectomy is one of the most common surgical procedures performed in veterinary practice ([@R3]). Although different techniques have been described, the most widely utilised approach to remove ovaries and uterus is a midline coeliotomy ([@R16]). More recently, laparoscopic ovariohysterectomy ([@R2], [@R7], [@R14], [@R12], [@R13]) and laparoscopy-assisted ovariohysterectomy ([@R8], [@R21], [@R13], [@R1]) have been described as surgical alternatives to conventional ovariohysterectomy (OVH) in female dogs. Laparoscopic surgery is associated with less postoperative pain, reduced time of hospitalisation and shorter recovery time when compared with conventional ovariohysterectomy in dogs ([@R7], [@R8], [@R14]).

Moreover, single-port laparoscopy, also called laparoendoscopic single-site surgery, single-incision laparoscopy and single-site laparoscopy, has been presented in the last few years as a minimally invasive approach in veterinary medicine to perform ovariectomy in dogs ([@R19], [@R23], [@R10]), ovariectomy in cats ([@R6]) and in tigers ([@R10]), as well as ovariectomy and gastropexy ([@R25]), splenectomy ([@R17]), cryptorchidectomy ([@R24], [@R26]) and intestinal surgery ([@R4]) in small animals.

The main purpose of this novel approach is to minimise the surgical trauma compared with multiport laparoscopy by reducing the number of incisions in the abdominal wall and by determining the optimum laparoscopic approach to only one entrance. The multichannel device allows the use of up to four instruments through a single 2--3-cm incision ([@R19]). In addition, this novel minimally invasive approach may offer advantages over laparoscopic surgery in assisted procedures regarding the enlargement of the performed incision ([@R4]) and the exteriorisation of organs in extracorporeal procedures. Sometimes this novel approach requires additional specialised laparoscopic instruments (prebent or articulating instruments) and angled telescopes ([@R25]). However, disadvantages related to the use of these devices (lack of triangulation and collision of the instruments) must be taken into consideration ([@R20][@R4]). Furthermore, an adequate training would be necessary in order to handle the instruments skillfully and to obtain suitable results in the initial stages of this approach ([@R27]).

The authors hypothesised that single-port ovariohysterectomy would be feasible in dogs through a single multitrocar device facilitating the organ retrieval through a single incision. The purpose of this study was to investigate the feasibility of single-port ovariohysterectomy in dogs and to discuss the technical aspects in this preliminary report.

Materials and methods {#s2}
=====================

Accomodation of the animals and their handling were done in accordance with ARRIVE guidelines (Kilkenny and others 2010). Nine owned entire female dogs underwent elective single-port ovariohysterectomy. Physical evaluation, complete blood count and serum biochemical profile were performed preoperatively.

Food was withheld from all dogs 12 hours before surgery. Dogs were premedicated using 0.02 mg/kg intramuscular acetylpromazine and after preoxygenation with Hall face mask, anaesthesia was induced intravenously with propofol dosed to effect (1--4 mg/kg) and maintained with sevoflurane via endotracheal intubation. Volume controlled mechanical ventilation was carried out in order to maintain normocapnia (end tidal CO~2~ from 35 cm H~2~O to 40 cm H~2~O), leading to a respiratory rate of 20 breaths per minute. Ringer\'s lactate was administered as intravenous fluidotherapy and maintained at 5 ml/kg/hour. After extubation, 1 mg/kg intravenous ketorolac tromethamine, 2 mg/kg intravenous tramadol and 15 mg/kg intramuscular long-acting (48 h) amoxicillin were administered. Continuous respiratory and cardiac rate, pulse oximetry, FiO~2~, end tidal CO~2~, tidal volume per minute, inhaled and exhaled anaesthetic agent and airway peak pressure were monitored with a multiparametrical monitor (Dash 3000, General Electric Healthcare, Milwaukee, Wisconsin, USA). Before surgery, the urinary bladder was emptied by catheterisation, the animals were placed in dorsal recumbency without Trendelenburg positioning and the ventral abdomen was clipped and aseptically prepared for laparoscopic surgery.

A 3 cm midline skin incision was made at the infra-umbilical area. The linea alba was incised and a multiport access device (SILS Port, Covidien, Norwalk, Connecticut, USA) previously lubricated (KY, Johnson & Johnson, New Brunswick, New Jersey, USA) was placed in the abdominal wall using a Satinsky clamp ([Fig 1](#VETRECO2015000153F1){ref-type="fig"}). Three laparoscopic 5-mm cannulae were introduced through the access channels of the multitrocar device at the 3 o\'clock, 6 o\'clock and 10 o'clock positions. Pneumoperitoneum was established with an electronic CO~2~ insufflator (10 mm Hg with a flow rate of 1 L/m) attached to the appropriate cannula of the multiport device. The three cannulae were orientated in a triangular pattern placing a 5 mm 30° laparoscope 50 cm in length (Laparoscope HOPKINS II, Karl Storz GMBH, Germany) into the 3 o'clock trocar ([Fig 2](#VETRECO2015000153F2){ref-type="fig"}). Following initial abdominal exploration, the telescope was removed to prevent injury to viscera during position change and the animals were manually rotated into right lateral recumbency (25--30°) with a slight lumbar elevation to facilitate the exposure of the left ovary and uterine horn by displacement of the abdominal organs. Both surgeons were positioned on the same side of the operating table and under laparoscopic vision, the ovary and proper ligament were located.

![SILS instrument and cutaneous incision of the technique](vetreco2015000153f01){#VETRECO2015000153F1}

![External view of SILS port fixed to abdominal skin with all instruments](vetreco2015000153f02){#VETRECO2015000153F2}

The right proper ligament was grasped and the ovarian pedicle was exposed by articulating the tip of the laparoscopic grasper intra-abdominally (Endo Grasp single use instrument, Covidien, Mansfield, Massachusetts, USA) with the tip deflecting towards the ovary ([Fig 3](#VETRECO2015000153F3){ref-type="fig"}). This manoeuvre facilitates the handling of the straight forceps and avoids instrument collision. Dissection and vascular sealing of the ovarian pedicle were performed using a 5-mm LigaSure device (Valleylab, Tyco Healthcare UK, Gosport, UK). The articulating instrument and the 5 mm telescope created triangulation and a space to handle the sealing device in order to coagulate and transect the suspensory ligament of the ovary. The ovarian vasculature was cauterised and severed with the 5-mm sealing device, isolating the right ovary.

![The exposure and coagulation of the ovarian pedicle are accomplished by traction of the proper ovarian ligament](vetreco2015000153f03){#VETRECO2015000153F3}

The articulating grasper was straightened within the abdomen and the left uterine horn was grasped. Subsequently the grasper was articulated with the tip deflecting towards the uterine horn. The uterine horn was suspended and the broad and round ligaments were sealed and transected with the 5-mm sealing device, reaching the body of the uterus ([Fig 4](#VETRECO2015000153F4){ref-type="fig"}).

![Exposure of the uterine horn and transection of the broad ligament until reaching the body of the uterus](vetreco2015000153f04){#VETRECO2015000153F4}

The articulating grasper was then straightened within the abdominal cavity, and the camera, grasper and sealing device were removed. Insufflation was stopped and the patient was tilted in the opposite direction. The surgeon then moved to the right side of the dog and the video tower was repositioned on the left side.

Once the right ovary and uterine horn were dissected, the manoeuvres and surgical steps described herein were repeated on the opposite side. Uterine arteries were individually coagulated proximal to the cervix, and the uterine body was coagulated and severed alongside the cervix using a 5-mm sealing device and placing the animal in horizontal dorsal recumbency.

In one case related with an ovarian tumour, the authors have modified the technique and the single-incision device was inserted 8 cm caudal to the umbilicus. An additional 5-mm trocar was inserted in the umbilical area in order to dissect the granulose cell tumour in the right ovary. The articulating grasping forceps was inserted in the single-incision device and the sealing device was inserted through the additional 5-mm trocar. Both ovaries and uterine horns were released from their ligaments as far as the uterine body was reached. The removal of the ovarian tumour was enabled by extending the original 3-cm umbilical incision up to an 8 cm incision and the ovarian tumour was placed in a specimen retrieval bag. The left ovary and the associated uterine horn were also exposed through the abdominal 8 cm incision. The body of the uterus was externally ligated, transfixed and divided in a standard fashion and the uterine stump was reintroduced into the abdominal cavity through the caudal incision.

The uterine stump and ovarian vascular remnant pedicles of the animals were assessed for bleeding under laparoscopic vision, and the abdominal cavity was examined to identify any blood or iatrogenic injuries during the procedure. The device and the laparoscopic grasper (which grasped one of the ovaries by the proper ligament) were pulled outside the abdominal cavity. The ovaries and uterus were extracted by directly removing the single incision access device. External confirmation of total removal of ovarian and uterine tissues was then accomplished ([Fig 5](#VETRECO2015000153F5){ref-type="fig"}). Once the OVH was completed, the abdomen was examined.

![Ovaries and uterus after laparoendoscopic excision. Right ovarian granulosa cell tumour](vetreco2015000153f05){#VETRECO2015000153F5}

The pneumoperitoneum was completely deflated by manual external compression of the abdomen. The abdominal incision was closed in a three layer routine manner. Cardiorespiratory parameters including heart and respiratory rate, pulse oxymetry, end tidal CO~2~, tidal volume per minute, inhaled and exhaled anaesthetic agent and airway peak pressure were monitored during surgery. Mean operative time, complications and incision scores were registered after surgery and data were summarised as mean±sd and range. The dogs were re-evaluated at 7 days, 15 days, one month and two months after surgical intervention. All dogs were administered 0.01 mg/kg intravenous buprenorphine at 4--6 hour intervals. Dogs were discharged with a four-day course of an NSAID (2 mg/kg/8 hours carprofen).

The influence of weight over surgical operative time was analysed by statistical software (IBM SPSS Statistics V.21, Amos Development Corporation, Meadville, Pennsylvania, USA). A P value of ≤0.05 will be considered statistically significant.

Tissue samples collected during ovariohysterectomy procedure were fixed in 10 per cent neutral buffered formalin. Routine microscopic evaluation with haematoxylin and eosin was performed.

Results {#s3}
=======

The mean (sd) age and weight was 4.55 (2.24) years (1--7 years) and 11.28 (4.63) kg (7.5--23 kg), respectively. The preoperative studies showed preoperative values within normal range. Physical examination and preoperative studies were found to be within reference ranges.

The mean total operative time was 52.66 (15.20) minutes (27--73 minutes) including incision performance and abdominal wall suturing manoeuvres. Surgical operative time was not statistically influenced either by the weight or age. Surgical procedures were performed through an initial 3.09 (0.20) cm (2.8 cm to 3.4 cm) skin incision. In one animal the final incision was enlarged until 8 cm in order to facilitate the extraction of an ovarian tumour.

The transumbilical approach was performed without difficulty, the abdominal cavity was successfully explored and the surgical procedures were completed without complications. Abnormalities of the ovaries and uterus were observed in three animals during laparoscopic surgery. Two animals showed ovarian cysts on the left side and in one case the right ovary and the left uterine horn showed different cysts. Emptying of the cysts before surgery was not necessary. One animal showed an ovarian granulose cell tumour. Single-incision laparoscopic ovariohysterectomies were performed combining straight and articulated laparoscopic instruments without major technical limitations. In one dog, technical difficulties were encountered for the mobilisation of the ovarian neoplasia and an additional 5-mm trocar was used in order to mobilise the ovary during the laparoscopic surgery converting the single-incision procedure in a multitrocar approach. No lesions or haemorrhages were observed during the laparoscopic procedure and ovaries and uteri were extracted without any tissue rupture. No relevant haemodynamic changes were observed as a consequence of pneumoperitoneum or surgery. All dogs recovered uneventfully from anaesthesia within 30 minutes after switching off sevoflurane vaporiser. No postoperative complications were encountered during follow-up and at 15 days after surgery all animals were behaviourally normal and no vaginal discharge, urinary incontinence, signs of infection, fever or anorexia was encountered in any case. Temperature, pulse, respiratory rate, and complete blood count remained, in all the dogs, within normal limits after surgery. On re-evaluation at one month and two months, all incisions were completely healed with no evidence of incisional or another complication.

Histological analysis confirmed the presence uterine cysts in four animals and a granulose cell tumour in one.

Discussion {#s4}
==========

Ovariohysterectomy is one of the most common surgical procedures in veterinary medicine including the elective sterilisation and the treatment for most uterine diseases ([@R3], [@R15], [@R11]). Multiple techniques have been described in the literature and laparoscopic techniques have been progressively introduced and described as an alternative to conventional OVH in female dogs ([@R2], [@R7], [@R16], [@R12], [@R13], [@R18]) and laparoscopic ovariohysterectomy in dogs is associated with reduced postoperative pain and surgical stress compared with conventional open procedures ([@R7], [@R8], [@R14]).

In recent years, different single-port access techniques have proven useful in the therapy of different pathologies as an alternative approach to conventional laparoscopic surgery in an effort to reduce morbidity and improve the cosmetics, focused on human surgery ([@R22]). The reduction in portal number combined with the instrument arrangement is called 'reduced port surgery'. After different experiences in veterinary medicine ([@R17], [@R19], [@R24], [@R4], [@R10], [@R22], [@R23], [@R26], [@R25]), this emerging technique is expected to offer benefits such as avoiding the need for multiple abdominal wall incisions or reducing them as much as possible, diminishing the risks of wound infection, reducing postoperative pain and morbidity, together with facilitating earlier recovery.

Currently there is a trend related with the reduced portal surgery (reduction in cannula number and size) for laparoscopic sterilisation in animals facilitating a reduction in morbidity and postoperative discomfort ([@R29], [@R9], [@R32], [@R30]). Although the technique of single port ovariohysterectomy has not yet been standardised in veterinary medicine, in this preliminary study the authors describe the potential advantage related with the minimal access to the abdominal cavity and the possibility of the organ removal through this minimal access.

In the present case no transabdominal sutures were used and in one case, related with the presence of a 7 cm ovarian tumour, the authors decided to introduce a new trocar and convert the procedure in a multitrocar approach for the assistance of the surgeon. In all cases the single incision approach allows the use of two laparoscopic instruments at a time achieving excellent exposure of the ovaries and uterus, as well as optimal viewing during dissection and transection manoeuvres like during previous experiences in single incision ovariectomy ([@R19]).

During single incision ovariohysterectomy the combination of angulated and straight instruments avoid collisions between them maintaining the tip of the instruments placed in the surgical area compensating the triangulation limitations. Furthermore, the available flexible single-port devices can be bent in all directions which compensates for the triangulation limitations ([@R19]).

Despite the limited use of the single-port surgery in veterinary medicine, the global results seem favourable ([@R19], [@R30]). The single incision surgery offers certain advantages over laparoscopic procedures. First, is the use of a single 3 cm incision and in eight cases the ovaries and uterus were removed without needing incision enlargement. In the case of the ovarian tumour, the authors\' retracted the uterus out of the portal for exteriorisation of the uterine horns and ovaries in order to carry out an extracorporeal transfixion, ligation and division of the uterine body further simplify the procedure. The authors agree with previous experiences ([@R9], [@R17]) that the use of a sealing device facilitates a sealant tissue effect and improves the feasibility of this technique. Another possible benefit of this technique is the ability to place the ovarian tissue in a specimen retrieval bag before removal from the abdomen ([@R10]).

However this novel approach is not without its limitations. In the SILS Port device the instruments are introduced parallel to each other and the manoeuvrability has been more complex than in traditional laparoscopic procedures even using angulated instruments ([@R19]). Moreover, in the authors' opinion this novel minimally invasive approach presents additional drawbacks: a surgeon's inadequate experience and the difficulty of some intracorporeal manoeuvres, collision of the instruments and telescope ([@R19], [@R23]) even with specifically bent or articulated instruments ([@R28], [@R31]). In the previous experiences with laparoscopic ovariectomy, it seems less technically demanding than laparoscopic ovariohysterectomy and the triangulation is not mandatory ([@R9]) explaining why no technical difficulties were observed during single-port surgery in some studies ([@R19]).

Considering the positive operative and postoperative outcomes in ovariectomy, it seemed attractive to apply the single-port approach in the OVH procedure also. Although the technique of single incision ovariohysterectomy has not yet been standardised in veterinary medicine, in the authors' opinion this approach could be available in clinical practice since no intraoperative complications, haemorrhages or lesions were encountered during the procedures. Accessing the abdominal cavity by means of small incisions and the organ removal through this access, provides a clear advantage as regards the recovery time after surgery.

During the procedures some previous recommendations regarding the introduction of the cannulae, lubrication of the cannulae and traction of the muscular edges were taken into consideration during the cannulae introduction in order to minimise the presence of lesions ([@R19]). Special protection measures include introduction of the multitrocar device bluntly, and the authors tried to establish the single incision technique using an intrabdominal pressure of 10 mm Hg. Correct exposure of the ovary and uterus is allowed by changing the position from dorsal recumbency to lateral recumbency and the authors used a 5-mm sealing device looking for a sealant tissue effect with a reduced risk of tissue burning ([@R9]). Displacement of the abdominal organs is facilitated by rotation of the patient to lateral recumbency, identifying the left or right ovary and uterine horn. Initially every ovary was grasped using an articulated grasper and the suspensory ligament and ovarian vasculature were sealed and divided. The uterine horns were retracted successfully using an angulated grasper and the broad ligaments were sealed and divided until reaching the cervix. Finally, the cervix is sectioned with a 5 mm sealing device and the uterus was removed through the single-port incision.

The surgical time ranged from 27 minutes to 73 minutes (mean, 52 minutes) and the authors can perceive a progressive surgeon's skills acquisition and a reduction of the learning curve associated with this approach. The surgical times detailed here are shorter than other reported laparoscopic ovariohysterectomies in dogs. Several factors were related to the duration of the resection of the ovaries and uterine horns. One of these was the amount of fat encountered around the ovarian pedicle ([@R9]) and the mesometrium. The ovarian pedicle and broad ligament fat score could be associated with obesity and the increased surgical time. The presence of fat significantly influenced operative time because of the tissue thickness and because of making vessels difficult to be recognised ([@R9]). This fact prolonged the duration of surgery and also the resection of both ovaries and uteri independent from the technique. In the authors' experience, the use of the left-hand tip articulated laparoscopic instruments and straight right-hand laparoscopic instruments allowed us to accomplish this intervention safely in all cases in reasonable operative time.

In one dog the procedure was converted to a multitrocar technique by inserting an additional 5-mm trocar in the abdominal midline in order to mobilise and expose an ovarian tumour during the surgical procedure. Finally, in this dog the original 3-cm incision of the single port device was enlarged to 8 cm in order to facilitate the extraction of the ovarian tumour and uterus. Histological analysis confirmed the presence of uterine cysts in four animals and a granulose cell tumour.

In conclusion, the present results suggest that the combination of a multitrocar device, a 30° laparoscope, the sealing device and a tip-articulated laparoscopic instrument allowed excellent anatomical and surgical visualisation, adequate manoeuvrability and safety during sealing and cutting of anatomical structures and finally, the organ removal. In addition, all the procedures were completed in a reasonable total surgical time and conversion to open surgery was not necessary. In one case the procedure was converted to a multitrocar laparoscopic technique adding an additional 5-mm trocar to handle an ovarian tumour. Dogs were discharged few hours after surgery and no wound complications, swelling or hernias were observed during two months follow-up. However, the authors consider that single incision ovariohysterectomy is technically more demanding than the same laparoscopic procedure and probably the highest limitation could be the expensive access device ([@R5]) and surgical instrumentation required ([@R23]).

Initial clinical experience and results with this novel approach are promising, in spite of the short-term follow-up and moderately small study population. Although the authors have not found operative lesions or postoperative complications in this preliminary study, more studies are necessary in order to evaluate accurately the possibilities of this novel approach.
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